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EFFECTS OF IMPURITIES IN COAL-DERIVED LIQUIDS 
ON ACCELERATED HOT CORROSION OF SUPERALLOYS 
by Daniel L. Deadmore and Carl E. Lowell 


SUMMARY 

The effects of potential coal-oerived liquid fuel impurity combustion 
products on the hot corrosion of some selected nickel-, cobalt-, and iron- 
base alloys were ascertained by testing in a Mach 0.3 burner rig. The al- 
loys tested were four nickel-base alloys; IN-100, IN-792, 1N-738X and U-700, 
one cobalt-base alloy; MAR M-509, ana an iron-base alloy; 304 stainless 
steel. The combustion gases of the burner rig were doped by aspirating aqu- 
eous solutions of the impurities into the rig combustor. The metal tempera- 
ture test range was 700° - 900° C. The test cycle consisted of heating 
the samples for 1 hour at temperature, then cooling for 6 minutes in a 
high-velocity cool air stream. The total number of cycles per test was 
100. The extent of attack was evaluated by metal consumption t. The im- 
purity elements studied were sodium, potassium, vanadium, molybdenum, tung- 
sten, phosphorus and lead. The baseline test involved only the addition of 
sodium salts, while salts of the other elements were added in combination 
with the sodium and the results compared to the sodium-only values. As a 
result of these tests, it was determined that all of the elements caused 
corrosion greater than sodium alone under some conditions. Tne cause ot 
this increased corrosion was the lowering of the temperature of the onset of 
hot corrosion. This lowering of the hot corrosion threshold was determined 
to be due at least in part to the formation of low-melting-point deposits 
which can flux protective oxide scales. The effect of varying sodium- 
potassium ratio was not large except at concentrations near zero sodium, in 
which case little hot corrosion occurred. However, some hot corrosion did 
take place when only potassium was present even though the test was con- 
ducted at a metal temperature more than 150° C below the melting point of 
the potassium sulfate deposit. 


INTRODUCTION 

Coal-derived liquids have a broad spectrum of potential metallic and 
non-metal lie impurities, the exact nature of which is determined by the 
source of the coal ana the process used to produce a liquid from the coal. 
The effect of these impurities on hot corrosion is largely unknown. Hot 
corrosion in gas turbines is usually associated with impurities such as so- 
dium or potassium introduced either in the fuel or in the air. Such impuri- 
ties react with the sulfur impurity in the fuel to form sulfates which de- 
posit on the hot stages of the turbine and cause an accelerated oxidation 
attack. Fluxing of the protective oxide by liquid sulfates is considered to 
be a mechanism responsible for the hot corrosion attack (Refs. 1-3). The 
objective of this work is to determine the extent, if any, of other impuri- 
ties interactions with sodium and their contribution to hot corrosion. Ear- 
lier work had determined the effect of potential impurities or additives 



that can serve as inhibitors of hot corrosion (Ref. 4). The work described 
in this report describes how other potential impurity elements can acceler- 
ate hot corrosion. Testing was performed in high-velocity burner rigs and 
combined the etfects of both a corrosive environment and thermal cycling to 
provide accelerated testing. Impurities were added to the combustion prod- 
ucts of the burner rigs using aqueous solutions to control tne amount intro- 
duced. The levels to which the combustion products were doped were well in 
excess of those expected under combustion of coal-derived liquids (-50 ppm 
fuel equivalent). However, these high levels were used so that an acceler- 
ated test could be performed giving a large amount of information in a rela- 
tively short time. Also, such levels are not so high as might be expected 
when consideration is given to the greater deposition rates expected under 
actual engine operating pressures. The amounts of hot corrosion attack in 
these accelerated tests were determined primarily by metal recession \ 
measurements. 


MATERIALS 

The compositions ot the alloys used in this program are listed in Table 
I. The cobalt-based alloy MAR M-509 is a typical cast vane material which 
is generally considered to have good hot corrosion resistance due to its 
high chromium content. The four nickel-base alloys cover a range of hot 
corrosion resistance: IN-752 and IN-738 are similar to each other in compo- 
sition and both are moderately good in hot corrosion. U-700 has somewhat 
poorer hot corrosion resistance and IN-100 has the least resistance to such 
attack. An iron-base alloy, 304 stainless steel, was also included. 

All of the alloys, except the 304 stainless steel, were cast by a com- 
mercial vendor into the shape shown in Figure la. The 304 stainless steel 
was used as a 1.27 cm dia. wrought rod, 7.62 cm long. All samples were grit 
blasted and cleaned with alcohol. Prior to test, each sample was measured 
along a diameter, t 0 , in the center of the expected hot zone (Fig. 1(a)) 
with a bench micrometer to the precision of +2 micrometers and weighed to 
+0.2 mg. 


PROCEDURE 

The burner rig used for these tests is shown in Figure 1(b) and has been 
described in Reference b. Briefly, the rig is a nominal Mach 0.3 type fired 
with jet-A fuel whose sulfur content was 0.03b _+ 0.014 weight percent. The 
fuel to air ratio was varied from about 0.034 to 0.046 which determined the 
test temperature. The potentially corrosive elements were injected into the 
combustion chamber as aqueous solutions of their salts. Eight samples were 
rotated rapidly in front ot the exhaust nozzle and reached the desired tem- 
perature in a few minutes. After each one-hour exposure the burner pivoted 
away and the forced-air cooling nozzle was directed on the specimens for 3 
minutes; the cycle was repeated. Approximately every lb cycles the samples 
were removed, weighed, and replaced. After 100 cycles the samples were re- 
moved, weighed, washed and reweighed. Some of the oeposits were analyzed 
by x-ray diffraction before washing. Washing consisted of immersion of each 
blade in 300 cc of distilled water at 80° C, followed by soft brushing in 
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running water, an alcohol rinse and air drying. The samples were then sec- 
tioned along the plane shown in Figure 1(a) which is the center of the hot 
zone and where all optical pyrometer temperature measurements were made dur- 
ing the run. The cut sections were mounted, polished and etched. Metal lo- 
graphic thickness measurements were made to determine the final thicknesses, 
at maximum penetration tf and metal loss. The metal consumption r was 
calculated by subtracting tf from t 0 . While both initial and final 
thickness were measured to a precision of *2 microns,, experience has shown 
that the resultant thickness loss is only accurate to +20 microns because of 
the irregularity of attack sectioning difficulties, etc. 

The compounds used in preparing the aqueous solutions for doping the 
combustion products are shown in Tables II and III. Sodium was added pri- 
marily as sodium chloride while the other elements were added as compounds 
containing only oxygen, hydrogen and nitrogen in addition to the primary 
element. Metal test temperatures studied ranged from 700° - 900° C, 
however, the bulk of the data were obtained at 900° C. 

RESULTS AND DISCUSSION 


Metal Additions - General 


Test results are listed in Table II and shown graphically in Figure 2. 

In general all additions showed attack much greater than oxidation in the 
absence of fuel impurities indicating that some hot corrosion occurred under 
all sets of conditions. The nickel-base alloys tended to behave in similar 
fashion, especially the compositional ly similar IN-792 and IN— 738 alloys. 
U-700 was not tested under all of the conditions and therefore it was dif- 
ficult to evaluate its susceptibility to attack fully. However, it appears 
to behave roughly similar to IN-100 in respect to the elements to which they 
are sensitive, but it is not corroded nearly as severely. IN-100 was the 
most susceptible to hot corrosion of any of the alloys tested under all of 
the conditions with few exceptions. The cobalt-base alloy MAR M-509 re- 
sponded, in general, differently than the nickel-base alloys although it too 
showed hot corrosion in all cases. The stainless steel alloy is difficult 
to assess because it tends to oxidize much more readily than any of the oth- 
er alloys in test. It forms an oxide, (>203 which reacts with oxygen to 
form volatile 003, and so evaluating accelerated hot corrosion becomes a 
problem with stainless steel. 

Vanadium 

Vanadium was the only metallic element added without sodium to enable an 
evaluation of the relative corrosivity of vanadium and sodium. While there 
were some alloy exceptions, at 900° C sodium additions alone were much 
more corrosive than vanadium additions alone and usually more corrosive than 
sodium plus vanadium. At the lower temperatures, 700° and 800° C, vana- 
dium was not tested without sodium. In these tests the sodium plus vanadium 
caused a much more accelerated attack than the sodium alone. The reason for 
the low temperature accelerated attack with vanadium plus sodium can be 
found in Table IV which is a listing of the deposit phases found by X-ray 
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diffraction along with their melting point. As can be seen from the table* 
sodium alone forms sodium sulfate in the deposit. Its melting point is 
884° C which is below the 900° test temperature, but well above the 
700° and 800° C test temperatures. Additions of vanadium to the fuel 
along with the sodium result in the deposition of both sodium sulfate and 
alpha sodium vanadate whose melting point is 630° C, well below any of the 
test temperatures. This liquid deposit can then flux the protective oxides 
causing hot corrosion. MAR M-509 and IN— 100 are especially susceptible to 
this sulfate/vanadate attack. In the case of IN-100, the attack is cata- 
strophic, while in the case cf MAR M-509 the sodium plus vanadium was the 
worst condition found for that alloy at 900° C. 

Molybdenum and Tungsten 

As with the case of vanadium additions to sodium, the addition of molyb- 
denum or tungsten also caused greatly accelerated attack even at tempera- 
tures as low as 700° C. Again, by referring to Table IV one can see that 
additions of molybdenum and tungsten to sodium in the combustion products 
result in the deposition of very low melting point deposits. In the case of 
the molybdenum the phase deposited is sodium molybdate whose melting point 
is 612° C, while in the case of the tungsten the phase deposited is sodium 
tungstate whose melting point is 698° C. Both cases allowed liquid phase 
fluxing. The type of attack seen in the microstructures of these alloys, as 
shown in Figures 3 and 4, is typical of sodium sulfate attack where the 
presence of large depletion zones, subscales, and nickel sulfides are quite 
apparent in the nickel alloys. In the case of the cobalt-base alloy the 
attack is mostly at the outer surface with some penetration along the grain 
boundary. This penetration, while severe, is not nearly as extensive as 
that found in the sodium plus vanadium tests. As was typical of most tests, 
the IN-100 was most susceptible to the attack of sodium plus molybdenum or 
tungsten, although the stainless steel alloy was extremely sensitive to the 
effects of molybdenum plus sodium. 

Phosphorus 

Phosphorus forms a sodium phosphate as well as a large amount of a glas- 
sy phase which can be seen in the microstructures (Figs. 3 and 4). This 
glassy (partially crystalline) phase however can only be detected with dif- 
ficulty by X-ray diffraction (Table IV). The effect of these deposits is 
somewhat similar to that of the vanadium additions to the sodium in that at 
900° C, in general, the sodium plus phosphorus is less corrosive than the 
sodium alone. This may be due to the very thick deposit of glass formed on 
these alloys, as shown in Figure 3 and 4, which may tend to retard hot cor- 
rosion by a reduction of anion transport as suggested in references 5 and 
6. However, at the lower temperaure of 800° C, sodium sulfate exists as a 
solid. At this temperature the attack of sodium plus phosphorus is greater 
in general than the attack of sodium alone, possibly because the phosphorus 
- produced glass is still liquid. 

Lead 


The deposits formed from the combination of sodium and lead additions 
were sodium sulfate and lead sulfate, both with relatively high melting 
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points. Indeed, the melting point of lead sulfate, 10770 c, is consider- 
ably higher than the highest test temperature used. In spite of this, in 
all cases lead plus sodium was more aggressive than sodium alone. The sodi- 
um sulfate, lead sulfate phase diagram contains a eutectic whose composition 
is at 50 mole percent lead sulfate and whose melting point, 730° C, is 
below aM but the lowest temperature tested. It is probable that this eu- 
tectic forms in the deposit and the liquid deposit at temperature leads to 
the accelerated attack noted on all of the alloys. This attack is especial- 
ly extensive in the grain boundaries of MAR M-509. In the other alloys the 
classical sodium sulfate microstructure is quite apparent, as seen in Fig- 
ures 3 and 4. 

Sodium Plus Potassium 


The deposits formed during these tests were all sulfates. There is ex- 
tensive solid solutioning in the sodium sulfate-potassium sulfate system. 

As would be expected from the phase diagram, the deposits are primarily com- 
plex sodium-potassium sulfates in the mixtures and simple sodium sulfate or 
potassium sulfate in the extremes. From the phase diagram one would expect 
liquid deposits at the 900° C test temperature for all sodium: potassium 
ratios greater than 1:3. Indeed, the data in part bear this out. There is 
little effect of sodium to potassium ratio, as shown in Figure 5, on hot 
corrosion until one gets to nearly all potassium, at which point the extent 
of hot corrosion falls off dramatically for all of the alloys. However, hot 
corrosion from potassium sulfate, while diminished, was present for all of 
the alloys at 900° C, a temperature well below the melting point of potas- 
sium sulfate (1071° C). The microstructures of all of the nickel-base 
alloys showed typical hot corrosion attack zones with extensive depletion 
and nickel sulfides, even in the case of the potassium sulfate (Fig. 6). As 
with the other tests the MAR M-509 microstructures (Fig. 7) were character- 
ized by extensive grain boundary penetration. 

The apparent insensitivity of hot corrosion to sodium-potassium ratios, 
except at zero percent sodium, is shown perhaps more dramatically in Figure 
8 where metal recession is plotted against total alkali content. In 
general, as the total alkali increases, there is initial increase in attack 
followed by an apparent saturation and, in some cases, a decrease in attack 
at even higher values. These are especially obvious in the IN-738 and the 
IM— 792 and to a lesser extent in MAR M-509 and IN-100. U-700 shows no ao- 

parent saturation, except possibly with the 100 percent potassium, although 
even these data are not clear because they are not complete. This type of 
observation is certainly consistent with earlier work (Refs. 5 and 6) which 
showed that hot corrosion increased with concentration of alkali up to a 
point and then began to oecrease as the deposit thickness became sufficient- 
ly large to impede oxygen diffusion. As is apparent on the earlier plots, 
the simple additions of potassium, while leading to greatly reduced hot cor- 
rosion as compared to the other combinations, still show considerable attack 
especially ut the lower concentration levels. There was no evidence of a 
strong synergistic effect of combining sodium and potassium on hot corrosion 
as was found in Reference 7. 
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CONCLUDING REMARKS 


In spite of the diverse results obtained for the different alloys, some 
generalizations can be made. Sodium sulfate hot corrosion was accelerated 
by the addition of other impurities, especially at the lower temperatures 
where these impurities reacted with the sodium to form very low melting 
point deposits. Impurities such as vanadium, tungsten and molybdenum can 
form phases with sodium whose melting points are well below 700° C. 

The hot corrosion effects of sodium and potassium are relatively inter- 
changeable as long as some sodium is present, at least at 900° C. When no 
sodium is present, the attack is greatly decreased although by no means non- 
existent, even though the deposit formed, potassium sulfate, has a melting 
point more than 150° C above the test temperature. The effect of increas- 
ing the concentration of sodium plus potassium is to increase hot corrosion 
up to some limiting value which for most alloys is around 3 ppm in the com- 
bustion gases. At this point in our tests the corrosion attack tended to 
level out and probably decreased at higher concentrations due to heavy de- 
posits which may inhibit oxygen ion diffusion. 

In general, the possibility for extensive hot corrosion attack exists 
for many impurities which may be found in many coal-derived liquids. How- 
ever, the extent of this accelerated attack and its exact nature is going to 
be strongly dependent on the composition of the fuel under consideration. 

While many potential fuel impurities have been tested, there still re- 
main many impurities found in certain coal-derived liquids and other fuels 
whose effects are not yet known. Each impurity must le viewed with suspi- 
cion and tests made before any evaluation of their effects can be predicted 
with confidence. 
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TABLE I. - CHEMICAL ANALYSIS OF THE ALLOYS 


[All values are weight percent.] 


Element 

^Mar M-509 

IN-792 

IN-738 

U-700 

IN-100 

a 304 SS 

Cr 

23 

12.7 

16 

14.2 

10 

19 

Ni 

10 

Bal. 

Bal. 

Bal. 

Bal. 

10 

Co 

Bal. 

9.0 

8.5 

18.5 

15 

— 

A1 

— 

3.2 

3.4 

4.2 

5.5 

— 

Ti 

.2 

4.2 

3.4 

3.3 

4.7 

— 

Mo 

— 

2.0 

1.8 

4.4 

3.0 


w 

7 

3.9 

3.9 

— 

— 


Ta 

3.5 

3.9 

.9 

— 

— 

— 

Nb 


.9 

— 


— 


V 

— 

— 


— 

1.0 

— 

Mn 



.2 

<.01 

— 

2.0 

Fe 

— 


.5 

.1 


Bal. 

Si 


— 

.3 

..1 

— 

1.0 

Zr 

,5 

.1 

.01 

<.01 

.06 


B 

— 

.02 

.01 

.02 

.014 


C 

.6 

.2 

.17 

.06 

.18 

.08 


a Nom1nal chemistry. 
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- TEST CONDITIONS AND METAL RECESSION OF RUNS l >1NG ALKALI PLUS METAL ADDITIVES 



" L 

Metals, 

ppm 

(a) 

Salts used 

IN- 100 

Metal 

U-700 

recession, t, uni 
IN— 792 IN-738 

MarM-509 

304SS 

1 

700 

3Na 

NaCl 

9 

— 

5 

9 

4 

8 

2 

800 

3Na 

NaCl 

23 

— 

14 

12 

19 

18 

3 

900 

3Na 

NaCl 

2,158 

453 

760 

534 

231 

172 

4 

800 

3Na 

NaOH 

6 

— 

15 

18 

50 

26 

5 

900 

3Na 

NaOH 

2,186 

— 

53 

738 

230 

217 

6 

900 

6Na 

NaCl 

2,804 

1238 

737 

299 

212 

268 

7 

900 

None 

None 

20 

25 

34 

12 

15 

200 

8 

700 

3Na*3V 

NaCl,NH 4 V 03 

235 

— 

167 

155 

117 

95 

9 

800 

3Na+3V 

NaCl,NH 4 V 03 

701 

— 

79 

58 

120 

115 

10 

900 

3N6+3V 

NaCl,NH 4 V 03 

5,654 

— 

430 

189 

1369 

307 

11 

900 

3V 

NH 4 V 03 

201 

201 

203 

193 

218 

444 

12 

700 

3Na+3Mo 

NaCl,NH 4 Mo 702 4 

527 

— 

349 

195 

185 

98 

13 

800 

3Na*3Mo 

NaCl,NH 4 MO 702 4 

1,189 

— 

403 

220 

30b 

171 

14 

900 

Na+3Mo 

NaCl,NH 4 MO 702 4 

6,369 

1620 

841 

— 

470 

2096 

15 

700 

3Na*12W 

Na2W0 4 

243 

— 

144 

88 

112 

144 

16 

800 

3Na*12W 

Na2W0 4 

687 

— 

306 

324 

363 

242 

17 

900 

3Na+12W 

Na2W0a 

12,437 

— 

1994 

2165 

505 

524 

18 


3Na<3W 

Na0H,Na2W0 4 

12,448 

— 

955 

742 

539 

169 

19 

600 

3Na + 3P 

NaCl,NH 4 H2P0 4 

143 

52 

95 

106 

* 

85 

91 

20 

900 

3Na 4 3P 

NaCl,NH 4 H2P0 4 

350 

328 

287 

— 

307 

513 

21 

800 

3Na+3Pb 

NaCl,Pb(N 03)2 

935 

37 

94 

48 

39 

8 

22 

900 

3Na+3Pb 

NaCl,Pb(N 03)2 

2,496 

730 

844 

617 

251 

199 


weight 

in combustion products. (Note: 

1 ppm Na as 

NaCl * 

1.54 ppm Cl 

.) 




9 






TABLE III. - SUMMARY OF RUNS USING Na ♦ K ADDITIONS 


</> 


oo 

o 

00 

172 

00 

LO 

CM 

309 

8 

r-H 

176 

340 

187 

co 

on 

lO 

LO 

CM 

i— 1 

cn 

r-H 

246 

483 

CTY 













c 

LO 

* 

r-H 

00 

C\J 

212 

315 

334 

X) 

LO 

CM 

O 

T—i 

OO 

235 

247 

572 

475 

144 

89 

w 

TO 













s: 













1 00 

00 

« f''** 

H 1 

534 

CT> 

CT> 

cv 

426 

608 

LTi 

X) 

CO 

co 

X 

CO 

CM 

X) 

209 

557 

558 

227 

83 

z 













* *— « 













recession 

IN-792 

8 

737 

523 

766 

639 

OO 

CM 

CO 

79? 

CO 

lO 

TO" 

584 

00 

LO 

175 

99 

Metal 

U-700 

r-> 

LD 

TO 

1238 

827 

O 

LO 

r-s. 

1385 

OO 

CM 

uO 

O 

Cvl 

r-H 

2342 

1974 

1 

1 

68 

O 













O 













H 

CO 

TO 

OO 

CM 

i — i 

o 

TO 

TO 

00 

OO 

lO 

LO 

1 

z 

LD 

iH 

8 

OO 

lD 

OO 

co 

to 

r*H 

X) 

X' 

CM 

cn 

oo 

TO 

<n 

CT> 

TO 

CM 

Ov 


CM 

CNJ 

r“H 


CM 

lM 

*-H 

CM 

CM 

CM 


















CJ 

o 

o 

-J 

O 

O 

o 

o 






to 

to 

to 

to 

TO 

TO 

TO 

TO 






X 

X 

X 

T~ 

X 

X 

X 

X 



used 



#> 

CNJ 

z 

#1 

CM 

z 

* 

CM 

z 

r> 

CM 

z 

ri 

CM 

Z 

* 

C\J 

z 

* 

CM 

z 

ft 

CM 





O 

z 

o 

z 

O 

z 

O 

z 

O 

z 

o 

z 

O 

z 

O 

z 


O 

TO 

00 



* 





*: 


3* 


X 

4-> 

<— 

r— 

r— 

r— 

■— r 

, — r 


r- T 

* 

* 


f 

<0 

oo 

LJ 

to 

z 

O 

TO 

Z 

NaC 

o 

TO 

Z 

o 

TO 

Z 

o 

TO 

Z 

o 

TO 

Z 

o 

TO 

z 

o 

TO 

z 

o 

TO 

z 

KC1 

0 




uf5 













CSJ 

• 

26 

LO 


• 






#* 



CM 

+ 

• 

TO 

• 


? 



v/ 



on 

■= 1 



TO 

Z 

+ 

TO 

+ 

TO 


TO 

Z 

+ 

TO 

CJY 

36 



TO Q, 



uo 

Z 

z 

+ 

LO 

Z 

•f 

4 . 



■m a. 

OJ 

3E 

3Na 

03 

Z 

LD 

• 

O 

uo 

• 

*— i 

LO 

TO 

z 

OO 

CM 

• 

CM 

LO 

• 

TO 

TO 

Z 

oo 

TO 

Z 

OO 



L. * 













Tempe 

ature 

°C 

006 

006 

006 

006 

006 

006 

006 

006 

900 

006 

006 

006 

C 













a: 

r-H 

lO 

23 

TO 

CM 

LO 

CM 

26 

27 

28 

29 

30 

i-H 

OO 

32 
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TABLE IV. - PHASES DEPOSITED FROM DOPED FUEL COMBUSTION 


Dopants 

XRD identification of deposited phases 

Me 1 1 i ng 
point, 
OC 

3Na 

Na 2 S 04 'Forms I, III, and V) 

884 

3 V 

N i 0 . V 2 O 5 

-710 

3Na+3V 

N32S04 ( V, II I) 

884 


aNaV0 3 

630 


V0 2 

— 

3Na+3Mo 

N32S04 (V,II1) 

884 


Na 2 Mo 2 07 ( a ) 

612 

3Na+3W 

Na 2 S0 4 (V) 

884 


Na 2 W 04 ( fl ) 

698 

3Na+12W 

Na 2 W 04 

698 

3Na+3P 

Na 3 P0 4 

— 


Glass 

— 

3Na + 3Pb 

PbS0 4 

1077(b) 


Na 2 S0 4 ( V, 1 1 1) 

884 

2.25Na+0. 75K 

Na 2 S0 4 (III) 

884 


Na x K 2-x S0 4 

~825( c ) 

1.5Na+1.5K 

Na x K 2 _ x S 04 

-870 

0.75Na+2.25K 

Na x K 2-x S0 4 

-950 

3K 

K 2 SO 4 

1071 


a 5ome hydrate formed on cooling. 

^Eutectic at 730. 

c Solidus. 
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(a) TEST BAR. 



(b) BURNER RIG. 


Figure 1. - Hot corrosion apparatus and test specimen. 



Metal recession. 




















ia) Oxidation only. 



ibi 3 ppm V. 


Flqure 4. * The effect of potential coal-derived liquid fuel impurities on the micro- 
structure of Mar M-509, iOO, 1 -hour cycles at 90QP C, 
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FlgurtS. -Effact of Na/K ratio on hot corrosion. Ono hundred cycles of I hour at WOP C In aMach as turner rfc 





ia> 3 ppm Na. 





ib) l.Sppm Na ♦1.5 ppm r 



flgurt 6. ■ Thi ttflcct of N«JK ratio on th» microstructure of IN-792. 100, 1-hour cyclts it 
9MPcintMach 0, Jburnor rig. 
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